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The question of the condition8 under which l i v i n g matter originated on the surface of the earth i s s t i l l a subject limited largely t o speculation. m e epeculation hars a greater chance of approaching the t r u t h insofar a s it includes and i s based upon the ever wider variety of established s c i e n t i f i c f a c t . One of the purposes of the herein reported obserfation was t o add another f a c t to the ever increasing infonmatfon which might have any bearing upon t h i s most interesting question, It i s not our purpose i n the present communication t o discuss the various proposals o r the arguments which have been adduced f o r and against them, One of the most popular current conceptions i s that l i f e originated i n an organic milieu on the surface of the ea.rth, (1, 2, 3, 4, 5) The problem t o which
(1) A. I. Oparin, "origin of ~i f e * , Translated by S o Morgulis. Macmillan Co., Mew York, I?. Y. (1938) . pr, 271.
(2) R e H. Horowitz, Pro@ , Mat, Acad. Sci . , -31, 153 (1945) (3) George G o Simpeon, "Meaning of ~volution", Yale University Press, Mew Haven,
Comec t i e u t (1950)
(4) C , B. van l i e l , '&lotosynthesfs i n flants", Chapter 22, Iowa S t a t e College Press, Ames, Iowa (1949)~ pp 437-495.
( 5 ) J. B 0 S. Haldane, Pelican Books ( 1932) .
we a r e addressed i s the o r i g i n of t h a t organic milieu i n the absence of a n y l i f e . It appeared t o us t h a t one souree, i f not the only source, of reduced carbon compounds i n complex arrangemsnts mfght be the interac t i o n of various high energy radiations with aqueow solutions of inorganic materfale, particul a r l y carbon dioxide, and nitrogenous compounds such ae ammonia and nitrogen, since it appears t h a t these compounds were the commoner forma i n whfch t h e e s s e n t i a l elemente found themselves on m e primordial e a r t h ( 6 ,~) .
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While f t has long been known t h a t high energy radiations can cause organic deeomposi ti on and o x i d a t i on, it seemed useful t o us t o demonstrate that conditions could be found f n which high energy r a d i a t i ons could induce the reduction with water of carbon dioxide and t h e ultimate creation of polyatomic molecules ( o t h e r than simple polymerf zatf on of monomers) of carbon, oxygen, hydrogen and nitrogen.
Experi mental
The general technique employed i n t h f s investigation was t o bombard airf r e e aqueoua eolutions of C1' labelled CO i n a closed system with and without were bombarded i n an a l l -g l a s s t a r g e t c e l l (A) which consisted e s s e n t i a l l y of a 50 m l pyrex f l a s k one s i d e of which was drawn i n t o give a window (B) having an average thickness of approximately 5 m i l over the bombarded area. The c e l l had a volume of 1 2 m l , It was connected t o a glass manifold (c) which i n t u r n was connected through stopcocks t o a 100 ml product gas storage bulb (D) t o a 25 ml CO r e s e r v o i r (E) t o a mercury manometer (F) and t o an o u t l e t (G) through which 2 the e n t i r e sys tern could be evacuated. The assembly was supported on a bracket (H) whfch was fastened t o the b e l l -g a r type t a r g e t (I). The helium ion beam was brought out of t h e cyclotron vacuum through a 1.5 m i l aluminum f o i l (J) and was delimited i n c r o s s eec t i o n by the aperture (K) i n p l a t e (L) . The t a r g e t window was cooled by means of an a i r stream whfch entered a t (M) and emerged through the aperture (K) . The beam current was monitored through the electrode (F?) . With the a l l -g l a s s t a r g e t c e l l , it was necessary, because of the non-uniform t h i c h e s s of the window, t o c a l c u l a t e the number of ion-pairs produced from the amount of ~e +~ oxidation, assuming the same ion-pair yield f o r t h i s reaction i n the g l a s s c e l l a s was obtained i n the c e l l having the platinum window. With the l a t t e r t a r g e t c e l l , it was possible t o eetfmate within a few percent the energy l o s s of the helium ions i n penetratfng t h e 1.5 mm aluminum fo91, 10 cm of a i r path, and the one m i l platinum window.
Bombardment Proc edure
The t a r g e t c e l l was f i r s t flushed with nitrogen, then f i l l e d with t r f p l ed i s t i l l e d deaerated water, o r deaerated one mlar ferrous s u l f a t e s o l u t i o n a t a pH of approxflnately 3.5 .
,
The water was deaerated by b o i l i n g and then allowed t o cool i n a glasa-stoppered v e s s e l whfch had been f i l l e d with nitrogen gas. The one.molar ferrous s u l f a t e solutions were prepared by adding a known wefght of ferrous s u l f a t e . A f t e r t h e t a r g e t c e l l was f i l l e d , it was immediately connected t o t h e manifold which w a s then evacuated u n t i l rougRly 5 percent of t h e t a r g e t s o l u t i o n had been evaporated, Stopcock (1) was then closed and t h e manifold was evacuated including the product gas storage bulb and t h a t portion of t h e manifold t o stopcock ( 
most of t h e high s p e c i f i c a c t i v i t y C 0 had been removed, the solution was then 2 flushed with tank Cog which was discarded. A sample of t h e s o l u t i o n was withdrawn a t t h i s p o i n t f o r f e r r i c ion a n a l y s i s .
To the remainder of t h e s o l u t i o n was added formic acid, formaldehyde and methyl alcohol c a r r i e r s i n amounts t o give 100 milligrams of the i s o l a t e d product,
i .e . , barium formate, methone d e r i v a t i v e of formaldehytPe, and barium carbonate prepared from t h e CO formed on oxidation of t h e methyl alcohol f r a c t i o n ,
2
The pH of t h e s o l u t i o n was then adjusted t o 7 and the formaldehyde and methyl alcohol were d i s t i l l e d w i n vacuo".
The d i e t i l l a t e was t r e a t e d with methone s o l u t f o n i n 50 percent excess and a c i d i f i e d . This p r e c i p i t a ted t h e methone-formaldehyde d e r i v a t i v e and t h e methyl alcohol was separated from t h i s mixture by a second vacuum d i s t i l l a t i o n , The methyl alcohol d i s t i l l a t e was
wet oxidized with a chroroium t r i o x i de-sulfuric acid mixture containing potassium iodate and the evolved CO was recovered a s barium carbonate. I n none of t h e 2 bombardments was t h i s barium carbonate f r a c t i o n active.
The mthone-formaldehyde p r e c i p i t a t e was f i l t e r e d off, washed and dissolved i n sodium hydroxide. The solution was a c i d i f i e d and the p r e c i p i t a t e centrifuged, washea, redissolved i n NaCEI, and reprecipitated. This procedure was repeated and then the methone-formaldehyde reaction product was r e c r y s t a l l i z e d twice from acetone-water. A sample of the purified methone-formaldehyde product was counted.
The residue from the f i r s t d i s t i l l a t i o n containing the f o m i c acid was acidi f i e d t o pH 1 and d i s t i l l e d "in vacuon, The d i s t i l l a t e was t i t r a t e d t o phenol-
phtRalein endpoint w i t h a saturated barium hydroxide solution a f t e r flushing with CO followed 'by nitrogen. The p r e c i p i t a t e of barium carbonate which formed 2 was centrifuged o f f , The supernatant containing the barium formate was evaporated t o approximately 0.5 m l and while warm, was t r e a t e d with absolute e t h y l alcohol which p r e c i p i t a t e d c r y s t a l l i n e barium formate, This was redissolved i n water and r e c r y s t a l l i z e d i n t h i s manner four times.
A f r a c t i o n of o r i g i n a l s o l u t i o n which had been. removed f o r iron determination was acid1 fled_ with 6 N H SO and t i t r a t e d with standard solution of potaseium -2 4 permanganate. A second f r a c t i o n of t h i s s o l u t i o n was reduced with SO and t i t r a t e d 2 with W O after the excess S O was removed by boiling, The ~e +~ concentration i n 4 2 the t a r g e t s o l u t i o n was calculated from the difference i n t i t r e . I n Table I, bombardments 1, 2, and 3 were made using the a l l -g l a s s c e l l . Bombardment 4 wa.s made using the c e l l having a one m i l platinum window. With t h i s c e l l , the helium ion beam incident on the s o l u t i o n had an energy of 35.8 Mev. The number of ionp a i r s produced in bombardments 1, 2, and 3 were calculated assuming t h a t the ion-pair yield f o r f e r r i c ion oxidation obtained i n bombardment 4 was a l s o obtained using t h e a l l -g l a s s t a r g e t c e l l s . This assumption i s considered reasonable since the energy l o s s in the g l a s s and platinum windows were of the same order of magnitude. 14 14 To insure that HC 008 and HC BO were a c t u a l l y produced by helium i o n bombardmnt, t h e following additional c o n t r o l experiments were made: (1) 
Discuseion
An examination of Table I demonstrates unequivocally that it i s q u i t e possible t o reduce appreciable q u a n t i t i e s of carbon dioxide t o formic a c i d by means of water through the agency of r a d i a t i o n , In fae t, it appears t h a t approximately one-fourth of the dissolved carbon dioxide was reduced i n experiment #:
Whether o r not t h e formic acid i s f u r t h e r reduced t o formaldehyde o r whether the formaldehyde has i t s o r i g i n i n a d i r e c t reduction of carbon dioxide s t i l l remains t o be demonstrated, but formaldehyde can a l s o be produced from carbon dioxide and water under t h e influence o f radia.tfon, The a c t u a l ion-pair yield i s c e r t a i n l y n o t optimal even i n the experiment #2 i n view of the l a r g e excees of the number of ion p a i r s produced over t h e number of mo9ecuPee of carbon dioxide i n the solutian. Presumably, this reduction f s achieved by means of the secondary hydrogen atoms r e s u l t i n g from the ionization.
The a c t u a l amount of reduction observed i s c l e a r l y s t i l l only the r e s u l t a n t of Whether o r n o t carbon-carbon bonds and carbon-nitrogen bonds can be formed and more highly organfzed etructures created under the influence of high energy radiations i s a t present under investigation.
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